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A study on transmission electron microscopy specimen preparation and the
microstructure of 1T-TiSe; single crystal
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Abstract: This article introduces an experimental method of preparing transmission electron microscopy
(TEM) specimen of titanium diselenide (1T-TiSe,) single crystal, which can be extended to the two-
dimensional layered materials. Crystal flakes with electron-transparent thickness can thus be transferred onto ei-
ther metal grids or in-situ electric/thermal chips, with the advantages of simple operation and wide adaptation.
The prepared specimens were characterized by high-resolution transmission electron imaging, atomic-resolved
scanning TEM, in-situ cryogenic electron diffraction and transport measurements, X-ray dispersive energy spec-
tra, and electron energy loss spectra to systematically study the crystalline quality and microstructure features of
the material. The results show that the intrinsic crystal properties are preserved during the preparation process.
Additionally, the limitations and future prospects of this method are discussed, aiming to provide references for
related research work.
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Figure 1 The preparation process of TEM specimen for TiSe,
Figures (a) — (j) are schematic diagrams of the key steps;

Figures (m)—(q) are corresponding photos.
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Figure 2 (a) SEM image of TiSe, thin specimen on 400 mesh
copper grid; (b) Corresponding low-mag TEM image; (c¢)
High-resolution TEM image observed along [001] direction;
(d)> Atomic resolution STEM-HAADF image
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Figure 3 Elemental analysis and temperature-dependent

structure measurements of the TiSe, specimen

(a)—(¢) SEM image and corresponding EDS mapping of Ti
and Se elements; (d)— () STEM image and corresponding
EELS mapping of T1 and Se elements, with the EELS collec~
tion area indicated by the yellow box in (d); (g) EELS spec-
tral in the energy range of 180-800 eV, with characteristic
peaks of C, Ti, and O elements marked by black vertical
lines; (h) and (1) correspond to selected area electron diffrac-
tion images at temperatures of 240 K and 94 K, with CDW
diffraction spots appearing at low temperatures marked by

semi-transparent white circle in ().
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Figure 4

(a) Optical microscope image of the TiSe, specimen prepared on an in-situ cryo-biasing chip; (b) enlarged image of (a)

at the sample location; (¢) SEM image; (d)—(g) EDS mapping of Ti, Se, Au, and Si elements, with Au coming from the metal

electrodes and Si coming from the chip substrate; (h) TEM bright field image; (1) in-situ resistivity-temperature measurement; (j)

second-order deviation of the curve in (1), the peak at 200 K corresponds to the CDW phase transition
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